Mg 3 Sb 2 has risen to prominence as a high-performing thermoelectric material, 1−4 in part due to its successful ntype doping under Mg-rich (Mg-excess) growth conditions. It has been theoretically demonstrated that Mg-rich growth conditions suppress the formation of electron-compensating Mg vacancies, which otherwise act as "killer" defects limiting ntype doping. In a recent article, Chong et al. challenged the role of Mg-rich growth conditions in suppressing Mg vacancy formation. 5 The authors claim that a Mg defect complex (V Mg + Mg i ) 1− is the dominant defect under Mg-rich conditions; the excess Mg compensates the defect complexes rather than the Mg vacancies. We regret to report that there are serious shortcomings in the methodology and results of this paper. Since n-type doping is one of the significant issues in the development of Mg 3 Sb 2 -based thermoelectric materials, we believe that any contradictions and inaccuracies should be pointed out for clarification. In this comment, we raise four specific concerns regarding the results presented in ref 5.
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BAND GAP IS OVERESTIMATED
To verify the band gap overestimation, we calculated the electronic structure of Mg 3 Sb 2 with the HSE06 functional with default screened Hartree−Fock exchange mixing of 25%. First, the crystal structure of α-Mg 3 Sb 2 was fully relaxed, followed by the calculation of the electronic structure on a dense k-point grid (10 × 10 × 6). We obtained a fundamental, indirect band gap of 0.53 eV, which is in satisfactory agreement with both experimental measurements as well as calculations based on more accurate GW methods. We are unsure why the band gap (0.82 eV) reported by Chong et al. is overestimated by 55% compared to the band gap calculated with the same methodology. considered defect complexes. We did not suspect the presence of defect complexes since our predictions are in qualitative and quantitative agreement with several independent experimental studies. 1,18−20 For our own clarification, we investigated the (V Mg + Mg i ) complex and attempted to calculate the formation energy. We considered 6 different configurations for the defect complex, the most stable Mg interstitial in the octahedral site and the 6 neighboring Mg sites to create V Mg , as shown in Figure 2 for two cases. As a first step, we performed structural relaxations (ionic positions) with density functional theory (DFT) using the GGA-PBE functional, 21 following the methodology previously utilized in refs 1, 15, and 16. To our surprise, we found that, upon relaxation, the Mg interstitials spontaneously relax back to the neighboring Mg vacancy site in all 6 cases. Consequently, the final relaxed structure is simply pristine Mg 3 Sb 2 . Therefore, we find that the defect complex (V Mg + Mg i ) is unstable. To further confirm the instability of the complexes, we considered the same defect complex configurations and performed structural relaxations with the hybrid DFT functional HSE06 (same methodology as Chong et al. 5 ); again, we find the defect complexes to be unstable in all 6 cases. It is not clear how Chong et al. obtained the relaxed defect complex structures. In standard point defect calculations, it is common to assume a range of charge states for each defect. Depending on the defect type, some of the considered charge states will be inadvertently unphysical. Such unphysical charge states are characterized by charge (electron, hole) filling of the bands (conduction, valence) instead of the intended charge localization on the defect site. Inclusion of unphysical charge states in the defect energetics can lead to qualitatively inaccurate conclusions. As an example, let us consider Mg i when completely ionized; the Mg interstitial can donate up to 2 electrons (3s 2 ) and convert into a Mg 2+ ion. However, Mg i in q = +3 involves the formation of Mg 2+ ions and removal of an electron from the valence band states (alternatively, addition of a hole to the valence band). Therefore, Mg i 3+ is an unphysical charge state, and as such, it should not be included in the defect energetics. Regarding (V Mg + Mg i ), keeping aside the issue of instability of the complex, the −1 charge state of the stoichiometric complex is also unphysical.
Mg COMPLEXES ARE UNSTABLE

CHARGE STATES OF DEFECTS ARE UNPHYSICAL
DOPING PREDICTION UNDER Mg-RICH
CONDITIONS IS NOT CONSISTENT WITH EXPERIMENTS Chong et al. predicted the native p-type self-doping in Mg 3 Sb 2 grown under Mg-poor conditions due to the low formation energy of V Mg . Under Mg-rich conditions, the V Mg formation energy is relatively higher but still low enough such that the equilibrium Fermi energy is pinned closer to the valence band and Mg 3 Sb 2 is predicted to be doped p-type (Figure 4 in ref 5 ).
The defect calculations by Chong et al. cannot be reconciled with the experimentally observed doping behavior. Previously reported defect calculations of Mg 3 Sb 2 (Figure 3 , reproduced from ref 15) show that, under Mg-rich conditions, the V Mg formation energy is high enough to allow extrinsic n-type doping with Te and Se, such that the predicted free electron concentrations are quantitatively consistent with experiments. 1, 18 In fact, predictions of effective n-type doping with group-3 elements (Y, La) based on the same defect calculations have been experimentally validated. 18 
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